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EARTHED CONNECTION DETECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is entitled to the benefit of and incorpo 
rates by reference subject matter disclosed in International 
Patent Application No. PCT/DK2012/000116 filed on Oct. 
23, 2012 and Danish Patent Application No. PA 2011 00873 
filed Nov. 9, 2011. 

FIELD OF THE INVENTION 

The present invention relates to the detection of the 
absence of an earthed connection in electrical and electronic 
circuits. 

BACKGROUND 

Ground or earth connections are used in electrical circuits 
for a wide variety of purposes. Earth or ground connections 
provide a potential against which other potentials can be 
referenced. Earth or ground connections also have safety 
functions, for example for preventing the build up of static 
electricity and for preventing persons getting electric shock 
in case of insulation failure. Furthermore, ground connec 
tions are often necessary for the correct function of an EMC 
filter in an electric circuit. 

In the context of electrical engineering, the terms 
“ground' and "earth' typically have the same meaning. The 
terms are used interchangeably in this document. 

In many circumstances, electrical circuits will function 
regardless of whether a ground or earth connection of the 
circuit is correctly attached to ground/earth. However, Such 
circuits may be potentially unsafe to a user. Alternatively, or 
in addition, Such circuits may be vulnerable to damage, for 
example due to transient overvoltage on the mains Supply 
e.g. caused by lightning. 

SUMMARY 

The present invention seeks to address at least Some of the 
problems outlined above. 
The present invention provides a circuit comprising: a 

first capacitor connected between a first power line and a 
ground connection; a first duplicating capacitor having a 
capacitance equal to said first capacitor, wherein the first 
duplicating capacitor is connected between the first power 
line and a measuring point; and a comparison circuit for 
determining whether or not a potential difference exists 
between the measuring point and the ground connection. 

The existence of a potential difference indicates that the 
ground connection is reliably connected to earth. The 
absence of a potential difference indicates that the ground 
connection is not connected to earth. 
The circuit may further comprise: a second capacitor 

connected between a second power line and the ground 
connection; and a second duplicating capacitor having a 
capacitance equal to said second capacitor, wherein the 
second duplicating capacitor is connected between the sec 
ond power line and the measuring point. 
The circuit may further comprise: an additional imped 

ance connected between the first power line and the ground 
connection; and a duplicating additional impedance having 
an impedance equal to said additional impedance, wherein 
the duplicating additional impedance is connected between 
the first power line and the measuring point. The additional 
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impedance could, for example, be capacitive, resistive, 
inductive or a combination thereof. An additional impedance 
could be provided between the second power rail and ground 
(either instead of, or as well as, the additional impedance 
provided between the first power rail and ground) with a 
duplicating additional impedance being provided between 
the second power rail and the measuring point. 
A third capacitor may be provided that is connected 

between a part of the circuit and the ground connection. A 
third duplicating capacitor having a capacitance equal to 
said third capacitor may then be provided between said part 
of the circuit and the measuring point. In one form of the 
invention, a first resistor is coupled in series with the third 
capacitor between said part of the circuit and the ground 
connection and a first duplicating resistor is coupled in series 
with the third duplicating capacitor between said part of the 
circuit and the measuring point. 
A first impedance may be connected between a part of the 

circuit and the ground connection and a duplicating imped 
ance having an impedance equal to said first impedance may 
be connected between said part of the circuit and the 
measuring point. The first impedance could, for example, be 
capacitive, resistive, inductive or a combination thereof. 

Clearly, more capacitors could be connected between 
either power rail and the ground connection, with those 
capacitors being duplicated. Also, more capacitors could be 
connected between difference parts of the circuit, with those 
capacitors being duplicated. Other impedances can also be 
provided, with those impedances being duplicated. 
The first power line or the second power line may be a live 

power rail. The first or the second power rail may be a 
neutral power rail. Other configurations (for example, Suit 
able for US terminology) are also possible. 
A fourth capacitor may be provided between a third power 

line and the ground connection. A fourth duplicating capaci 
tor may be connected between the third power line and the 
measuring point. 
The circuit of the present invention may, for example, be 

an electromagnetic compatibility (EMC) filter. 
The comparison circuit may be (or may include) a dif 

ferential amplifier. For example, a low pass differential 
amplifier may be provided. The comparison circuit may 
comprise a comparator. 
The circuit of the present invention may additionally 

provide an output for indicating whether or not the ground 
connection is properly earthed. 
The capacitors might typically have a capacitance of the 

order of 10 nF. Note that not all of the capacitors need have 
the same capacitance (although of course each duplicating 
capacitor should have the same capacitance as the capacitor 
that it is duplicating). 
The present invention also provides a method comprising: 

comparing Voltage potentials at a measuring point and a 
ground connection, wherein a first capacitor is connected 
between the ground connection and a first power line and 
wherein a first duplicating capacitor is connected between 
the measuring point and the first power line, the first 
capacitor and the first duplicating capacitor having the same 
capacitance; and providing a signal indicating whether or 
not a potential difference exists between a measuring point 
(typically a Voltage measuring point) and a ground connec 
tion. 
The existence of a potential difference indicates that the 

ground connection is reliably connected to earth. The 
absence of a potential difference indicates that the ground 
connection is not connected to earth. Accordingly, the signal 
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may be used as an output indicating whether or not the 
ground connection is earthed. 
A second capacitor may be connected between a second 

power line and the ground connection and a second dupli 
cating capacitor having a capacitance equal to said second 
capacitor may be connected between the second power rail 
and the (voltage) measuring point. 
A first impedance may be connected between a part of the 

circuit and the ground connection and a duplicating imped 
ance having an impedance equal to said first impedance may 
be connected between said part of the circuit and the 
measuring point. The impedance may take the form of a 
capacitance, but other forms of impedance (e.g. capacitance, 
resistance and/or inductance) are possible. In one form of the 
invention, the impedance comprises a capacitance and a 
resistance connected in series. 
An additional impedance may be connected between the 

first power line and the ground connection and a duplicating 
additional impedance having an impedance equal to said 
additional impedance may be connected between the first 
power line and the measuring point. The additional imped 
ance could be capacitive, resistive, inductive or a combina 
tion thereof. A further additional impedance could be pro 
vided between the second power rail and ground. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in further detail with 
reference to the following schematic drawings, in which: 

FIG. 1 is a circuit diagram of a known filter arrangement; 
FIG. 2 shows a circuit in accordance with an aspect of the 

present invention; 
FIG.3 shows a circuit in accordance with an aspect of the 

present invention; 
FIG. 4 is a circuit diagram of an exemplary comparison 

circuit for use with the present invention; 
FIG. 5 shows results of a test of the operation of the circuit 

of FIG. 3; 
FIG. 6 shows a circuit in accordance with an aspect of the 

present invention; and 
FIG. 7 shows results of a test of the operation of the circuit 

of FIG. 6. 

DETAILED DESCRIPTION 

The use of capacitors for mains filtering is well known. 
Mains filtering may be required, for example, to ensure that 
a circuit meets electromagnetic interference (EMI) require 
mentS. 

FIG. 1 shows a known filter arrangement, indicated 
generally by the reference numeral 1. The filter 1 comprises 
an AC Voltage source 2 (Such as a mains Voltage source) and 
a circuit 4. As shown, the AC voltage source 2 has a first 
terminal and a second terminal. A first capacitor 6 is con 
nected between the first terminal and a ground (or earth) 
connection. A second capacitor 8 is connected between the 
second terminal and the ground/earth connection. The filter 
capacitors 6 and 8 are used to filter mains noise in a manner 
well known in the art. 

The inventor has realised that the existing filtering 
arrangement shown in FIG. 1 can be exploited to determine 
whether or not the ground connection is properly connected 
to earth. 

FIG. 2 is a schematic circuit diagram, indicated generally 
by the reference numeral 10, in accordance with an aspect of 
the present invention. The circuit 10 comprises the AC 
Voltage source 2, circuit 4, first capacitor 6 and second 
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4 
capacitor 8 of the filter 1 described above. The circuit 10 
additionally includes a first duplicating capacitor 12, a 
second duplicating capacitor 14 and a comparison circuit 16. 
The first duplicating capacitor 12 is connected between 

the first terminal of the AC voltage source 2 and a first 
terminal of the comparison circuit 16. The second duplicat 
ing capacitor 14 is connected between the second terminal of 
the AC voltage source 2 and the first terminal of the 
comparison circuit 16. A second terminal of the comparison 
circuit 16 is connected to ground (and hence to the second 
terminals of the first and second capacitors). 
The first duplicating capacitor 12 matches the first capaci 

tor 6. Similarly, the second duplicating capacitor 14 matches 
the second capacitor 8. Typically, the first capacitor 6 will 
have a capacitance perhaps of the order of 10 nF. If so, then 
the first duplicating capacitor would also have a capacitance 
of 10 nF. The second capacitor 8 and the second duplicating 
capacitor might also have capacitances of the order of 10 nF. 
Of course, other capacitance values are possible and the first 
and second capacitors 6 and 8 could have difference capaci 
tances. 

The comparison circuit 16 is used to determine whether a 
potential difference occurs between the two inputs to the 
comparison circuit. 
The second terminals of the first and second duplicating 

capacitors are able to change Voltage, for example in 
response to stimuli from the Voltage source 2 or the circuit 
4. Thus, the Voltage at the first input to the comparison 
device 16 will vary over time. 

If properly earthed, the second input to the comparison 
device 16 will remain constant (at the ground potential). 
Thus, the potentials at the first and second inputs to the 
comparison device 16 will be different. However, if the 
ground connection to which the first and second capacitors 
are connected is not properly earthed, then the potential at 
the second input to the comparison circuit 16 is free to vary 
in the same way as the potential at the first input to the 
comparison circuit. Since the first and second duplicating 
capacitors match the first and second capacitors, then in the 
absence of a ground connection, the potential at the first 
input to the comparison device will vary in the same way as 
the potential at the second input to the comparison device. 

It follows that the existence of a potential difference 
between the first and second inputs of the comparison device 
16 indicates that the ground connection is properly earthed 
and the absence of a potential difference indicates that the 
ground connection is not properly earthed. 

FIG. 3 is a circuit diagram, indicated generally by the 
reference numeral 20, of a further aspect of the present 
invention. The circuit 20 comprises the voltage source 2, 
circuit 4, first capacitor 6, second capacitor 8, first dupli 
cating capacitor 12, second duplicating capacitor 14 and 
comparison circuit 16 of the circuit 10. 
The circuit 20 also includes a first resistor 22, a third 

capacitor 24, a first duplicating resistor 26 and a third 
duplicating capacitor 28. The first resistor 22 and the third 
capacitor 24 are connected in series between the circuit 4 
and the ground connection and may be provided, for 
example, in order to filter electromagnetic noise from the 
circuit 4. 
The first duplicating resistor 26 and the third duplicating 

capacitor 28 are connected in series between the circuit 4 
and the first terminal of the comparison circuit 16. 
The first duplicating resistor 26 is selected to match the 

first resistor 22 and the third duplicating capacitor 28 is 
selected to match the third capacitor 24. Accordingly, a 
difference in voltage between the first and second inputs of 
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the comparison circuit 16 will still be indicative of a proper 
ground connection and the same Voltage appearing between 
the first and second inputs of the comparison circuit 16 will 
still be indicative of a missing ground connection. 
The comparison circuit 16 may take many different forms. 

FIG. 4 shows an exemplary comparison circuit 16, but many 
alternatives will be apparent to those skilled in the art. The 
comparison circuit 16 shown in FIG. 4 comprises an opera 
tional amplifier 30 (or some other differential amplifier), a 
first resistor 32, a capacitor 34, a second resistor 36 and a 
third resistor 38. 

The first resistor 32 and the capacitor 34 of the compari 
son circuit 16 are connected in parallel and each have a first 
terminal connected to the inverting input of the operational 
amplifier 30 and a second terminal connected to the output 
of the operational amplifier. The second resistor 36 of the 
comparison circuit is connected between the ground con 
nection (and hence the second terminals of the first and 
second capacitors) and the non-inverting input of the opera 
tional amplifier 30. The third resistor 38 of the comparison 
circuit is connected between the second terminal of the first 
and second duplicating capacitors and the inverting input of 
the operational amplifier. 

The circuit 16 provides a simple active low-pass filter. 
The output of the circuit 16 is therefore related to the 
difference between the voltages at the input, but high fre 
quency components are removed. 

FIG. 5 shows results, indicated generally by the reference 
numeral 40, of a test of the operation of the circuit of FIG. 
3. The display shows two pairs of output waveforms, with 
the lower part of the figure being a Zoomed version of the 
upper part of the figure. 

The first waveform shows the potential difference 
between the two inputs of the comparison circuit 16. The 
second waveform shows the voltage at the output of the 
comparison circuit 16. 

Initially, the ground connection is not earthed. As 
described above, without an earthed ground connection, the 
circuit providing the Voltage to the first input of the com 
parison circuit is identical to the circuit providing the 
Voltage to the second input of the comparison circuit. Thus, 
there should be no potential difference across the inputs to 
the comparison circuit 16. 

After a period of time, the ground connection is properly 
earthed. Thus, the second input of the comparison circuit is 
grounded but the first input is free to change. This is shown 
in FIG. 5, where the first plot changes from a voltage of 
approximately Zero to a Voltage having a varying Voltage 
that has a frequency equal to the frequency of the AC voltage 
Source 2. 
The output of the comparison circuit 16 is low (0 volts) 

when the ground connection is missing (since there is no 
potential difference between the inputs of the comparison 
device 16). When the ground connection is provided, the 
comparison circuit Voltage increases. The test results 40 
show that the presence or absence of the ground connection 
can be determined. 
The circuit 20 described above with reference to FIG. 3 

for which test results were described above with reference to 
FIG. 5 uses a European-style AC mains supply. FIG. 6 
shows a circuit, indicated generally by the reference numeral 
50, of a similar circuit that is provided with a US-style mains 
Supply. 
The circuit 50 includes the circuit 4, the first, second and 

third capacitors 6, 8 and 24, the first, second and third 
duplicating capacitors 12, 14 and 28, the first resistor 22, the 
first duplicating resistor 26, and the comparison circuit 16 of 
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6 
the circuit 20 described above. The circuit 50 differs from 
the circuit 20 in that the AC power source 2 is replaced with 
a first AC source 52 and a second AC source 54 connected 
in series, with the mid-point of those AC sources being 
connected to ground. The two AC sources of the circuit 50 
are provided to model a US-style mains Supply. 

FIG. 7 shows results, indicated generally by the reference 
numeral 60, of a test of the operation of the circuit of FIG. 
6. The display shows two pairs of output waveforms, with 
the lower part of the figure being a Zoomed version of the 
upper part of the figure. 
The first waveform shows the potential difference 

between the two inputs of the comparison circuit 16. The 
second waveform shows the voltage at the output of the 
comparison circuit 16. 

Initially, the ground connection is not earthed. As 
described above, without an earthed ground connection, the 
circuit providing the Voltage to the first input of the com 
parison circuit is identical to the circuit providing the 
Voltage to the second input of the comparison circuit. Thus, 
there should be no potential difference across the inputs to 
the comparison circuit 16. When the ground connection is 
earthed, the second input of the comparison circuit is 
grounded but the first input is free to change. This is shown 
in FIG. 7, where the first plot changes from a voltage of 
approximately Zero to a Voltage having a varying Voltage 
that has a frequency equal to the frequency of the AC voltage 
sources 52 and 54. 
The output of the comparison circuit 16 is low (0 volts) 

when the ground connection is missing. When the ground 
connection is provided, the comparison circuit Voltage 
increases. The test results 60 show that the presence or 
absence of the ground connection can be determined. 

Embodiments of the invention have been described in 
which capacitors provided between power rails and ground 
have been duplicated and a series connection of a capacitor 
and a resistor between a circuit and ground have been 
duplicated. Any number of capacitive connections between 
a power rail and ground or between a circuit and ground 
could be duplicated in accordance with the present inven 
tion. Moreover, the invention is not limited only to dupli 
cating capacitive and resistive connections. Any impedance 
(such as capacitive, resistive and/or inductive) between a 
power rail and ground or between a circuit and ground could 
be duplicated in accordance with the principles of the 
present invention. 
The embodiments of the invention described above are 

provided by way of example only. The skilled person will be 
aware of many modifications, changes and Substitutions that 
could be made without departing from the scope of the 
present invention. The claims of the present invention are 
intended to cover all such modifications, changes and Sub 
stitutions as fall within the spirit and scope of the invention. 

Although various embodiments of the present invention 
have been described and shown, the invention is not 
restricted thereto, but may also be embodied in other ways 
within the scope of the subject-matter defined in the follow 
ing claims. 

The invention claimed is: 
1. A circuit comprising: 
a first capacitor connected between a first power line and 

a ground connection; 
a first duplicating capacitor having a capacitance equal to 

said first capacitor, wherein the first duplicating capaci 
tor is connected between the first power line and a 
measuring point; and 
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a comparison circuit for comparing the measuring point 
and the ground connection to determine whether or not 
a potential difference exists between the measuring 
point and the ground connection. 

2. The circuit as claimed in claim 1, further comprising: 
a second capacitor connected between a second power 

line and the ground connection; and 
a second duplicating capacitor having a capacitance equal 

to said second capacitor, wherein the second duplicat 
ing capacitor is connected between the second power 
line and the measuring point. 

3. The circuit as claimed in claim 2, further comprising: 
an additional impedance connected between the first 
power line and the ground connection; and 

a duplicating additional impedance having an impedance 
equal to said additional impedance, wherein the dupli 
cating additional impedance is connected between the 
first power line and the measuring point. 

4. The circuit as claimed in claim 2, further comprising: 
a third capacitor connected between a part of the circuit 

and the ground connection; and 
a third duplicating capacitor having a capacitance equal to 

said third capacitor, wherein the third duplicating 
capacitor is connected between said part of the circuit 
and the measuring point. 

5. The circuit as claimed in claim 2, wherein a first 
impedance is connected between a part of the circuit and the 
ground connection and a duplicating impedance having an 
impedance equal to said first impedance is connected 
between said part of the circuit and the measuring point. 

6. The circuit as claimed in claim 1, further comprising: 
an additional impedance connected between the first 
power line and the ground connection; and 

a duplicating additional impedance having an impedance 
equal to said additional impedance, wherein the dupli 
cating additional impedance is connected between the 
first power line and the measuring point. 

7. The circuit as claimed in claim 6, further comprising: 
a third capacitor connected between a part of the circuit 

and the ground connection; and 
a third duplicating capacitor having a capacitance equal to 

said third capacitor, wherein the third duplicating 
capacitor is connected between said part of the circuit 
and the measuring point. 

8. The circuit as claimed in claim 6, wherein a first 
impedance is connected between a part of the circuit and the 
ground connection and a duplicating impedance having an 
impedance equal to said first impedance is connected 
between said part of the circuit and the measuring point. 

9. The circuit as claimed in claim 1, further comprising: 
a third capacitor connected between a part of the circuit 

and the ground connection; and 
a third duplicating capacitor having a capacitance equal to 

said third capacitor, wherein the third duplicating 
capacitor is connected between said part of the circuit 
and the measuring point. 
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10. The circuit as claimed in claim 9, further comprising 

a first resistor coupled in series with the third capacitor 
between said part of the circuit and the ground connection 
and a first duplicating resistor coupled in series with the third 
duplicating capacitor between said part of the circuit and the 
measuring point. 

11. The circuit as claimed in claim 1, wherein a first 
impedance is connected between a part of the circuit and the 
ground connection and a duplicating impedance having an 
impedance equal to said first impedance is connected 
between said part of the circuit and the measuring point. 

12. The circuit as claimed in claim 1, wherein the circuit 
is an electromagnetic compatibility filter. 

13. The circuit as claimed in claim 1, wherein the com 
parison circuit comprises a differential amplifier. 

14. The circuit as claimed in claim 1, further comprising 
an output for indicating whether or not the ground connec 
tion is properly earthed. 

15. A method comprising: 
connecting a first capacitor between a ground connection 

and a first power line; 
connecting a first duplicating capacitor between a mea 

Suring point and the first power line; 
wherein the first capacitor and the first duplicating capaci 

tor have the same capacitance; 
comparing the measuring point and the ground connection 

via a comparator to determine whether or not a poten 
tial difference exists between the measuring point and 
the ground connection; and 

providing a signal indicating whether or not a potential 
difference exists between the measuring point and the 
ground connection. 

16. The method as claimed in claim 15, wherein the signal 
is used as an output indicating whether or not the ground 
connection is earthed. 

17. The method as claimed in claim 15, wherein a second 
capacitor is connected between a second power line and the 
ground connection and a second duplicating capacitor hav 
ing a capacitance equal to said second capacitor is connected 
between the second power rail and the measuring point. 

18. The method as claimed in claim 15, wherein a first 
impedance is connected between a part of a circuit and the 
ground connection and a duplicating impedance having an 
impedance equal to said first impedance is connected 
between said part of the circuit and the measuring point. 

19. The method as claimed in claim 15, wherein an 
additional impedance is connected between the first power 
line and the ground connection and a duplicating additional 
impedance having an impedance equal to said additional 
impedance is connected between the first power line and a 
measuring point. 


